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Astronomical filter standardization in the VO context
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(2) Spanish Virtual Observatory

During the last years, and with the advent of several important photometric surveys, many astronomical studies are
taking an increasingly multi-wavelength approach. But to combine photometric data coming from different sources it
- is necessary that these measurements are described and characterized in sufficient detail to allow for the conversion |

to compatible flux density and spectral energy units.

~In the Spanish Virtual Observatory we maintain the "Filter Profile Service" (http://svo2.cab.inta-csic.es/theory/fps/),
that provides standardized information, including transmission curves and calibration, about more than 6100
~astronomical filters. The service is designed to be compliant to the Virtual Observatory Photometry Data Model and
~all the information is provided both as a web portal and VO services so that other services and applications can

access the relevant properties of a filter in a simple way.

XIV.0 Reunion Cientifica 13-15 julio 2020
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Introduction

Nowadays, multi-wavelength astronomical studies are more and more common.

* To combine photometric data coming from different sources it is necessary that these measurements
are described and characterized in sufficient detail to allow for the conversion to compatible flux
density and spectral energy units.

* This includes a proper characterization of the particular instruments and filters used to get the
observed data.

 If these observed data are to be compared with theoretical models, we even need the filter
transmission data, to calculate synthetic photometry.

Taking all this into account SVO developed in 2008 a Filter Profile Service (FPS),
compiling as much information as possible for astronomical filters.

Main use cases:

Transform catalog magnitudes into fluxes,

Calculate synthetic photometry for theoretical models or for observed spectra,

Compare observed and synthetic photometry.

Flux calibration of instrumentally-corrected spectra using catalogue magnitudes.
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Web access

http://svo2.cab.inta-csic.es/theory/fps/

. T

* Transmission curves,
* Mathematical properties,
* Reference wavelengths,

VO Service Browse Search News Help-Desk Authld: Passw: |Login| .
e Zero points, etc.
[ 220 ][ AkarT [ Astrosat |[ BOK |[cara [ cassini_|[ cFrT |[ creops ][ cose J[Corot_][ctio ][ DEniS ][ Eudid [[Fowo ] =
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- = 2MASS/2MASS.]
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[Md J[MER ][ Messenger |[ Misc ][ mMko J[MmT ][ MosT ][ Msx J[ Naoc ][ NIRT ][ Nnoao ][ not ][ oaF [ ons |[oro ] Filter Description Math properties
[ odyssey ][ osn_ ][ P200 |[ Palomar ][ PAN-STARRS ][ Paranal |[ Rosetta |[ sa0 [ Scorpio ][ SkyMapper ][ SLOAN |[ soFia |[ special ][ specuLoos |[ spitzer |
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Filter Plots FWHM (?) ©  2149.14  ---e-e- (Angstrom)
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1 = Tr Calibration properties
—— 2MASS/2MASS .H
0.5 —— 2MASS/2MASS .Ks 2MASS/2MASS ) Vega System
o Property Specified Calculated Unit
'E 1 19 Zero Point (?) : 0.0000000003129 3.143e-10 (erg/cm2/s/A)
2 0.6 1594 1582.23 ()
@ 0.8 L
T 0.4 zPType(?):  Pogson
& s} PhotCal ID (?) : 2MASS/2MASS.J/Vega
0.2 J“'"
J 0.4 AB System
i ,\L / L Property Specified Calculated Unit
12000 m:un 160'00 13r:nn 200'00 220'00 0.2+ Zero Point (?) : 7.212e-10 (erg/cm2/s/A)
Uavelength (A) o)
A
11000 11900 12000 12900 13000 13900 14000 14308 ZPType (?):  Pogson
= . e Havelength (R) PhotCal ID (?) : 2MASS/2MASS.)/AB
Data file: ascll, VOTable
Reference for filter response: 2MASS at IPAC documentation ST SyMam
- - Property Specified Calculated unit
M 0 re th a n 6 1 0 O d I ffe re nt fl | te rs . Transmission components: Filter + Instrument + Atmosphere Zero Point (?) : 3.631e-9 (erg/cm2/s/A)
18280.26 (Jy)
zPType(?):  Pogson
PhotCal ID (?) : 2MASS/2MASS.)/ST
~ 100 different facilities.
. . Reference for calibration: Cohen 2003
~ 200 diff t inst t
I e re n I n S ru m e n S . Filter added: 2010-04-17 05:58:55
Last update: 2020-03-23 12:58:04
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VO access Pl

http://svo2.cab.inta-csic.es/theory/fps/fps.php?ID=2MASS/2MASS.H

O TOPCAT(1): Table Browser [ |[0](x]
TOPCAT = || O]} Window Rows Help
File Views Graphics Joins Windows VO Interop Help
) =] ca
afy BeEe: @ Wedokb $EX ke
Table Browser for 1: 2MASS.H
rTable List iIrCurrent Table Properties = l\ﬁlf;/glength Trar;smlssmn =
e Label: [2MASS.H 7 | 14400. 0.0005
Location: http://svo2.cab.inta-csic.es/theory/fps/fps.php?ID=2MASS/2MASS.H 8 | 14620. 0.0028
Name: 2MASS.H 9 | 14780. 0.0081
Rows: 58 10 | 14860. 0.0287
Columns: 2 11 14930. 0.0871
12 | 15040. 0.2014
Sort Order: 4} :E] 13| 1s150. 0.4382 Plane Plot (1) - |[O]x
Row Subset: 14 | 15280. 0.6864
.. . 15 | 15390. 0.8181
Activation Actions: 16 15460. 0.8821
TOPCAT(1): Table Parameters 17 | 15510. 0.9118
L Window Parameters Display Help 18 15560. 0.9269
I. 266 f 3554 ¥ E’ 19 15650. 0.9293 1.0
20 | 15720. 0.8727
T 21 15770. 0.8566
Table Parameters for 1: 2MASS.H 22 15830. 0.8826
A Name Value Units Description ucb Utype 23 15920. 0.9181 0.8
Band H photdm:PhotometryFilter.band 24 15970. 0.9267
CalibrationReference |http://adsabs.harvard.edu/abs/2003A... 25 16020. 0.9076
Column Count 2 Number of columns 323 —
Description 2MASS H meta.note photdm:PhotometryFilter.descr| Total: 58  Visible: 58 Selected: 0
Description 2MASS H meta.note photdm:PhotometryFilter.descr| ,5 0.6
FWHM 2609.6475 Angstrom |Full width at half maximum. Defined a... |instr.bandwidth a2
Facility 2MASS Observational facility instr.obsty g
FilterProfileService ivo://svo/fps meta.ref.ivorn PhotometryFilter.fpsidentifier =4
MagSys Vega meta.code photdm:PhotCal.MagnitudeSystem.typs ,? 0.4
Name 2MASS.H Table name
PhotCallD 2MASS/2MASS.HNega meta.id photdm:PhotCal.identifier
PhotSystem 2MASS Photometric system photdm:PhotometricSystem.descriptio
ProfileReference http://www.ipac.caltech.edu/2mass/re... 0.2
QUERY_STATUS oK
Row Count 58 Number of rows
WavelengthCen 16487.193 Angstrom |Central wavelength. Defined as the c... |em.wl
WavelengthEff 16620.0 Angstrom |[Manually specified. See reference em.wl.effective 0
WavelengthMax 18231.02 Angstrom |[Maximum filter wavelength. Defined a... |em.wl;stat.max |photdm:PhotometryFilter.SpectralAxis.
WavelengthMean 16620.0 Angstrom [Manually specified. See reference em.wl photdm:PhotometryFilter.SpectralAxis. 13000 14000 15000 16000 17000 18000 19000
WavelengthMin 14787.379 Angstrom_|Minimum filter wavelength. Defined a... |[em.wl;stat.min _ |photdm:PhotometryFilter.SpectralAxis. Wavelength / Angstrom
WavelengthPeak 16710.0 Angstrom |[Peak wavelength. Defined as the lam... |em.wl =
WavelengthPhot 16423.764 Angstrom [Photon distribution based effective w...|em.wl |Posut|on: I [Count: 58/58
WavelengthPivot 16457.506 Angstrom |[Peak wavelength. Defined as sqrt{int...|em.wl [E Select
WavelengthuCD em.wl meta.ucd PhotometryFilter.SpectralAxis.UCD
Wavelengthunit /Angstrom meta. unit PhotometryFilter. SpectralAxis. unit
WidthEff 2509.4023 Angstrom |Effective width. Defined as integ[x*ilt...|instr.bandwidth |photdm:PhotometryFilter.SpectralAxis.
ZeroPoint 1024.0 ly phot.flux.density |photdm:PhotCal.ZeroPoint.Flux.value
ZemPnintT\me Poason 0 meta.code nhaotdm:PhotCal.ZeraoPaint.tyne I >|—
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SVO applications making use of FPS Al

* Synthetic photometry
for the 64 collections of theoretical
spectra or observational templates
(~265.000 spectra) in the ~6100
filters.
http://svo2.cab.inta-
csic.es/theory/newov2/syph.php

* Specphot
Calculate photometry for
your own spectra.

Exogan. Atmospheric Library of Far Away Worlds

Model parameters

M Exogan model, temp: 1000, mass:1.6, radius:1.42, CH4:0.0000021,H20:0.0000021,C02:0.00046,C0:0.1 (spec)
Temp: [1000 v] - [2000 v] () H M Exogan model, temp: 1000, mass:1.6, radius:1.42, CH4:0.0000021,H20:0.0000021,C02:0.00046,C0:0.1 (photom)
Mass: [6E=] - E=] @ : M Spitzer/IRAC.I1
: M spizer/IRAC.12
Radius: [68 7] - [157~] @ 5 Spitzer/IRAC.14
CH4: 0.00000001 v | - [0T ] () 3 2MASS/2MASS.H
) = mm =el H 2MASS/2MASS.)
H20: 0.00000001 | - [0.1 =™ : 2MASS/2MASS.Ks
co2: 0.00000001 | - [0.1 =1 H
co: 0.00000001 ] - [01 ER0) : & X: |og scale: ¥/ range: =
: & v: .V range: -
Show: [Toresuts_~] E log scale: ]
: < ¥ piot filters
H =
i
Filters ) 5
H 5
: £ 76800 files found. First 10 are displayed
: N\ ’ e e e e [ [
H A
H L’W i | Temp | Mass | Radius [ cHa [ H20 [ coz __|co | Fetch | Mark|Fetch [ Mark | Piot |
: 100051 612 Ttis 0.0000021  0.0000021  0.00046 0.0000021  VOtable Asclt
H 1000 1.6 142  0.0000021  0.0000021  0.00046 0.1 Votable Ascll v
Show only filters with: :
Ameant 10000 150000 | A : 1000 133 127 01 0.00046 0.1 0.00000001  VOtable AsCIl
focy = : —TTT v 1000 08 127 01 0.00000001 0.0000021  0.00000001 \VOtable Ascll
Instrument =] :
: vavelength () 1000 1.2 096 0.00046 0.00046 0.00046 0.1 VOtable AscH
(Youican select =0 fiters at mast; the restivil be ignored) : 1000 133 111 0.00046 0.0000021  0.00000001 0.0000021  VOtable AscH
d § o
: 8 oo 1000 0.8 142  0.00000001 0.00046 0.00046 0.00046 Votable Ascll
: 3 \
: e 1000 2 0.8 0.0000021  0.0000021  0.0000021  0.00000001 VOtable AsCIl
: £ v
) — T — 1000 08 127 01 0.1 0.00000001  0.00046 Votable Ascll
: 1000 08 111 0.00046 0.00000001  0.00046 0.00000001  VOtable AsCIl

00—

http://svo2.cab.inta-csic.es/theory/specphot/

* VOSA (VO SED analyzer)

SED fitting for thousands of objects at a

time.

http://svo2.cab.inta-csic.es/theory/vosa/

Email

Your collections  Upload new collection  Help

Collection: (| carmen.tgz | ~) Spectrum: ( BD+332642-SWP07427LL-LWR06423LL--.txt v} (Go)

VO SED Analyzer
This is the photometry calculated for this spectrum. .

If you want to recalculate it for this spectrum and these or different filters, just Recalculate it.

Otherwise, you can also download these data as an ASCII file, a VOTable file, or generate a VOSA file with these data

Fiter A Fiox
BD+332642 Login
GALEXIGALEXFUY. | 159226 | 2811414012 Sl
IACS_SBC.F1: 1 104558 i
HST/ACS_SBC.F122M 407.62 | 3.104558e-12 Register
HSTIACS_SBC F125LP 150692 | 3.035193e-12 4e-12
HSTIACS SBCF11SLP | 150744 | 3.008443e.12 iy
: : VOSA (VO Sed Analyzer) is a tool designed to perform the following tasks in an automatic manner: s
STIACS_SBCS | 190862 . 3.5e-12 -
HSTIACS SBCPRIOL | 151381 | 2988009612 Read user photometry-tables
HSTWFPC2 1 15404 £
STMERC2MIoTW S04t 28 3e-12 Query several photometrical catalogs accessible through VO services (increases the wavelength covi . -2
EHETMCS FRCRIMNLE (2 S0nene 12} to be analyzed). [
CsscH 2 5235096.12 e Wi e W00 3
HSTWFPC 170w, 170735 | 2207881612 % 25e-12 % -
“HSTIACS_SBCFi6SLp | 176045 | 2148441612 T e-t6 g T e i
sra7 | iT6t6dse 2 2e-12 ; N
PC2.1218w. 213201 | 1.395286e-12 [ = D’m HM:“" 2,40
HSTAWFC3_UVIS2F218W | 221242 | 1.3091876-12 1.5e-12 _sen| wEin
HSTIWFC3_UVIST F218W | 221566 | 1303832612 g
_HSTACS HRCF220W | 224654 | 1268147612 te-12 T renaens g
HSTWFC_UVIS2FQ2I2N | 232670 | 1177187612 . §ie-tg
HSTWFGS VISt FazaeN | 677 | 1175720012 H database
HSTIWFGa UVis2 F2zow | 234596 | 1 1713608.12 0.5e-1 — — o F ver them il _,, |
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Other (no-SVO) services making use of FPS

Canadian Astronomy Data Center

Advanced Search Interface
* Enhance metadata of their database images.
* https://www.cadc-ccda.hia-iha.nrc-

Vizier photometry viewer
* Using filter properties from the FPS.
http://vizier.unistra.fr/vizier/sed/

o e —

81 refereed papers using

the SVO FPS.
* 15 papers in 2020

i e . A&A 635, A182 (2020)
C n rc C Ca/e n/sea rc h/ VizieR Photometry viewer hups:/doi.org/10.1051/0004-6361/201937159 tronomy
. . ©ES02020 trophysics
v seftings » share
- Target vega
Canadian Astronomy Data Centre Canadi Rackin, i aecaec |1 MIRACLES: atmospheric characterization of directly imaged
m planets and substellar companions at 4-5 ym
oF 1. Photometric analysis of g Pic b, HIP 65426 b, PZ Tel B, and HD 206893 B*
vega (18 36 56.336+38 47 1.280), T. Stolker, S. P. Quanz-+*. K- 0. Todorov2. 1. Kiihn®1_ P Maollizre®:5. M. R. Mever. T Currie”$
radius : 5 arcsec
et T AstromysicaL Jouksa. 80823 (15pp). 2015 Joly 20 doic10.10880004-637X/0/1/23
Wavelength owis e
148043 ym
oy wency
. ° e . TR 2 N Btz EMPIRICAL ISOCHRONES FOR LOW MASS STARS IN NEARBY YOUNG ASSOCIATIONS
s &5 ° 3 i P deraiy o F): . HILLENBRAND®
o o G ey [ . 10871 Beiing, China
° 10e-9 ¥ 'y F‘A!)Sk-SWm'z
- . 921e9ergs cmZym!
*
g v AA 637, A24 (2020)

= - 25 % hutps://doi.org/10.1051/0004-6361/201935770 tronomy

£ 8 ©ES02020 TP TP

oA trophysics

= . 8 0 %,

z g »

> .' g +

. 25 i : = N
- s = High-resolution, 3D radiative transfer modelling
0
5
i ARA (arcsec) Il. The early-type spiral galaxy M 81
0e-13. l% Center (RA.+Dec.):
. 5B 20 Sam Verstocken', Angelos Nersesian' 2, Maarten Baes', Sébastien Viaene', Simone Bianchi®, Viviana Casasola®?,
* = Christopher J. R. Clark’, Jonaths L
=3 - 06-14 Anthony P. Jones'!, Suzanne C i
:
B ]
oy s BANYAN. IV. FUNDAMENTAL PARAMETERS OF LOW-MASS STAR CANDIDATES IN NEARBY
0.1 ] © 0 1000 'YOUNG STELLAR KINEMATIC GROUPS—ISOCHRONAL AGE DETERMINATION
Wavelength (um) USING MAGNETIC EVOLUTIONARY MODELS

LisoN MaLo' 2%, RENE DoYON', GREGORY A. FEIDEN?, Loic ALBERT', DAVID LAFRENIERE',
ETIENNE ARTIGAU', JONATHAN GAGNE', AND ADRIC RIEDEL

Starkit/Wsynphot
* Python project for synthetic photometry
* https://github.com/starkit/wsynphot/

A&A 637, A22 (2020) tronomy

' nature astronomy g:g;g/gg;grgmv.wslmm»szewznwmsn trophysics

Rotation-activity relations and flares of M dwarfs with K2 long-
and short-cadence data*

St. Raetz!, B. Stelzer'2, M. Damasso®, and A. Scholz*

Letter | Published: 09 March 2020

Infalling gas in a Lyman-cx blob

O Why GitHub? Team Enterprise Explore Marketpl

Yiping Ao &, Zheng Zheng, Christian[* ~
Cen, Mark Dijkstra, Paul J. Francis, Ja_ L€ near and m1d 1nfrared photometric properties

Lehnert, Karl M. Menten, Junzhi wanc Of known redshift z = 5 quasars

Nicholas P Ross &, Nicholas J G Cross &=

PSR J1012+5307: a millisecond pulsar with an

extremely low-mass white dwarf companion
D Mata Sénchez &, A G Istrate, M H van Kerkwijk, R P Breton, D L Kaplan

= starkit / wsynphot

Monthly Notices of the Royal Astronomical Society, Volume 494, Issue 3, May 2020, Pages
4031-4042, https://doi.org/10.1093/mnras/staa983
Published: 13 April2020 Article history v

13-15 julio 2020

Monthly Notices of the Royal Astronomical Society, Volume 494, Issue 1, May 2020, Pages
Actions 789-803, https://doi.org/10.1093/mnras/staa544
Published: 13 March 2020  Article history v

<>Code () Issues 2 Il Pull requests 2
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https://github.com/starkit/wsynphot/
http://vizier.unistra.fr/vizier/sed/

Some numbers and additional info

More than 6100 different filters.

~ 100 different facilities.
~ 200 different instruments.
Usage:

~ 5.5 million requests last year
(~ 15.000 per day)

~ 80 refereed papers using the service.

Web and VO services

* http://svo2.cab.inta-csic.es/theory/fps/

According to IVOA Photometry data
model.
* http://www.ivoa.net/documents/PHOTDM/

More info:
* http://ivoa.net/documents/Notes/SVOFPS/

* http://ivoa.net/documents/Notes/SVOFPSDAL/
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